Diabetes mellitus (DM) is considered a public health problem. The initial treatment consists of improving the lifestyle and making changes in the diet. When these changes are not enough, the use of medication becomes necessary. The metformin aims to reduce the hepatic production of glucose and is the preferred treatment for type 2. The objective is to survey the characteristics and properties of metformin, as well as hold a discussion on the existing analytical methods to green chemistry and their impacts for both the operator and the environment. For the survey, data searches were conducted by scientific papers in the literature as well as in official compendium. The characteristics and properties are shown, also, methods using liquid chromatography techniques, titration, absorption spectrophotometry in the ultraviolet and the infrared region. Most of the methods presented are not green chemistry oriented. It is necessary the awareness of everyone involved in the optimization of the methods applied through the implementation of green chemistry to determine the metformin.
Introduction
Diabetes mellitus (DM) has a high incidence in the world and a high mortality rate, great impact on people's quality of life and its considered a public health problem. [11] DM type 2 (DM2) is the predominant type that accounts for about 90-95% of cases of diabetes [42] and is also known as noninsulin dependent diabetes. [10] Insulin is a hormone produced by the beta cells of the islets of Langerhans of the pancreas, being released under conditions when there is an elevation of glucose in the blood, since insulin is responsible for transport and metabolism of glucose to generate energy. [11] DM2 is a metabolic disease characterized by a high level of glucose in the blood (hyperglycemia), [42] resulting from defects of secretion by destruction of beta cells of the pancreas (insulin producing) or defects of the action of insulin caused by the resistance to the action of insulin among others. [8] The clinical symptoms of diabetes are: polyuria, polydipsia, polyphagia and unintentional weight loss (the "4 Ps"). However, in most cases, diabetes is asymptomatic, permanently undiagnosed until symptoms of complications are manifest. [8] The main relevant complications of DM include ulcers, amputations, retinopathy, renal failure and heart diseases. [42] Initial treatment is based on lifestyle changes with more exercise and dietary changes, in an attempt to maintain or reduce the level of glucose within normal parameters. If these measures do not regulate the level of blood glucose for these parameters, drug intervention is required.
Oral antidiabetic agents are classified according to their mechanism of action being these oral hypoglycemic agents or secretagogues (sulphonylureas and methyglinides); insulin action sensitizers (thiazolidinediones); neoglycogenesis reducers (biguanidines) and reducers in the rate of absorption of glycines (a-glycosidase inhibitors). New drugs have become available, for example, the incretinomimetics; inhibitors of dipeptidyl peptidase 4 (DPP-IV) and amylin analogues, with the aim of improving efficacy and reducing undesirable effects. [34] Metformin is a drug that represents the class of biguanides, which aims to reduce the hepatic production of glucose. Glibenclamide, glimepiride and glycazide represent the class of sulfonylureas, which stimulate an insulin production. As thiazolidinediones increase and sensitize an action of insulin in the liver, adipose and muscle tissue. Arcabose represents the class of alpha-glucosidase inhibitors, which decreases the absorption of glucose by the intestine. [11] Metformin is presented in the form of single-ingredient preparations in the USA as Fortamet
Ò , Siofor Ò and in Japan as Glycoran Ò , Melbin Ò . [6] It is necessary to be concerned with the importance of developing effective and reliable analytical methods for quality control, otherwise such practices could lead to disastrous decisions and irrecoverable financial losses.
Metformin is the drug of choice for DM2 due to its wide use it is essential to develop new methods of analysis for its evaluation and quantification.
Appropriate methods of analysis may be the first step in the rational use of medicines. [29] Currently, the methods of analysis follow the green chemistry line, being fast, without use or with reduction in the use of toxic solvents, with miniaturized samples, reduction in the number of steps and pre-treatments. [5, 20, 28, 29] The first proposal of analysis involving the green chemistry appeared in the decade of 90, through the concern with the results obtained during analysis, as well as with the operators and environment. [5] Ecologically correct methods are those that minimize the impact on the environment, the operator who have direct contact with the solvents and as well as to the population in general, due to the concern with the final cost of the product. These methods must have high sensitivity, low cost of analysis, lower energy consumption and simplicity and efficiency compared to the time of analysis. Such concerns should be considered from the sampling process until disposal the final residue. [5, 20, 28, 29] The miniaturization of the samples and the substitution of toxic reagents are alternatives for the obtaining of ecologically green methods, for this to occur it is necessary that there are changes in all analytical process. [5, 20, 29] Therefore, the objective of this review is to (i) carry out a survey of the characteristics and (ii) properties of metformin, as well as (iii) conduct a discussion on existing analytical methods for the quantification of the drug in pharmaceutical product aiming at green chemistry and (iv) its impacts on both the operator and the environment.
Metformin
Metformin (Figure 1 ) belongs to the class of biguanides is the treatment of choice for DM2 in most patients because it treats more effectively. [44] Metformin reduces glucose levels and improved insulin sensitivity. [49] According to the, [61] treatment intensified by metformin reduces 29% of microvascular complications and 32% of combined diabetes outcomes, whereas insulin and sulphonylureas accounted for only 25% and 12%, respectively. Regarding the reduction of cardiovascular events and mortality, only intensive treatment with metformin and intensive control of hypertension were shown effective. [61] In addition, metformin does not lead to hypoglycemia and does not promote weight gain. Salpeter and collaborators [54] suggest that it is a long-term safe drug even when used in clinical situations traditionally seen as contraindicated for its high risk of lactic acidosis.
Action mechanism
Metformin is used in the treatment of non-insulin dependent diabetes that does not respond to dietary modifications. Metformin acts as a metabolic inhibitor and alters the metabolism of cellular energy throughout the body. Its main mechanism of action in the disease is an inhibition of hepatic gluconeogenesis. Metformin interacts with the complex I the mitochondrial electron transport chain, thereby decreasing cellular ATP levels and causing an accumulation of AMP. The binding of AMP to the adenylate cyclase site inhibits its action in response to glucagon, thereby disrupting AMPc-PKA signaling. As a result, the activity of gluconeogenic pathway enzymes is inhibited in favor of glycolysis. This mechanism is probably the main mode by which metformin reduces the hepatic production of glucose. [49] Pharmacokinetics Metformin is employed in pharmaceutical formulations in the form of the hydrochloride salt of metformin. Metformin has an absolute oral bioavailability of 40-60%, and gastrointestinal absorption is apparently complete within 6 hours after ingestion. [39] There is an inverse relationship between the dose ingested and the relative absorption of therapeutic doses, which suggests the involvement of the saturable absorption process. Metformin is rapidly distributed and does not bind to plasma proteins. It does not undergo liver metabolism, and no metabolites or metformin conjugates have been identified. Metformin is excreted unchanged in the kidneys and has a mean plasma elimination half-life after oral administration between 2 and 6 hours. This elimination is prolonged in patients with renal impairment and is correlated with creatinine clearance. [24] Metformin is distributed in breast milk in small amounts. [39] Physicochemical properties Metformin hydrochloride is a white or almost white crystal, chemically identified as N, N-dimethylimidodicarbonicarbonidediamide hydrochloride. Its molecular formula is C 4 H 11 N 5 . HCl [7, 62] and its CAS number is 1115-70-4. Metformin has a molecular mass of 129.16 g/mol, whereas metformin hydrochloride has a mass of 165.6 g/mol. [9] It is freely soluble in water when hydrochloride (1.38 mg/mL), slightly soluble in alcohol, and practically insoluble in acetone and methylene chloride. [7] The melting point ranges from 223 to 226 C, its LogP is ¡0,5 and pKa 12.4 (basic). [9, 51] 
Analytical methods
The analytical methods for metformin evaluation were researched in the literature through scientific articles, as well as in official compendium. [7, 9, 18, 25, 39, 47, 62] Table 1 shows the analytical methods described in the literature for the determination of metformin. [63] HPLC-UV Column of silica (250 mm £ 4.6 mm; 5 mm), with pre Hichrom Silica H5 column (10 mm £ 3.2 mm); At 40 C; MP: acetonitrile (25%) and 75% pH 7 of 0.03 M hydrogen phosphate buffer; flow rate 1mL/min 7.8 240 nm Human plasma [13] HPLC-UV Column of cation exchange (250 mm £ 4 mm; 5 mm), with pre-column of cation exchange Nucleosil (30 mm £ 4 mm; 5 mm), maintained at room temperature; MP: tetramethylammonium phosphate buffer pH 3.7 (adjusting the pH of tetramethylammonium hydroxide 100 mM/L to 3.7 with 1mol/L phosphoric acid) and acetonitrile (80:20, v/v); flow rate 1mL/min Uninformed 236 nm Human plasma and breast milk [67] HPLC-EM/EM Column C8 (150 mm £ 4.6 mm; 5 mm) with pre-column Phenomenex C18 (4 mm £ 3 mm; 5 mm); at 25 C; MP: acetonitrile: water: formic acid (70:30:1, v/v/v), flow rate 0.5 mL/min 3. 4 Positive mode using selected reaction monitoring (SRM)
Human plasma [12] HPLC-EM/EM Column C18 (250 mm £ 4.6 mm; 5 mm) at 40 C; MP: ammonium acetate buffer 10 mmol/L; flow 500 mL/min
Uninformed Ion trap and electrospray ionization (ESI)
Oxidation end-product in aqueous solutions [14] HPLC-EM/EM Column C18 (50 mm Human plasma [30] HPLC-EM/EM Column C18 (30 mm £ 4 mm; 3 mm); MP: solvent A acetic acid 0.1% and solvent B acetonitrile (gradient elution); flow rate 0.8 mL/min Uninformed Positive mode using multiple reaction monitoring (MRM)
Human urine [58] HPLC-EM/EM Column C18 (50 mm £2. Human plasma [17] HPLC-EM/EM CN column (150 mm £ 4.6 mm; 5 mm) with pre-column Phenomenex C18 (2 mm £ 4 mm) at 25 C; MP: 50% aqueous solution 0.01 mol/L ammonium acetate adjusted to pH 3.5 with acetic acid and 50% acetonitrile (50:50 v/v); flow rate 1 mL/min Uninformed Ion trap operated in positive mode
Human plasma [21] HPLC-EM/EM Column C18 (100 mm £ 2 mm; 3 mm) with pre-column varian Human plasma [38] HPLC-EM/EM Column C18 (50 mm £ 4.6 mm; 5 mm) at 25 C; MP: 700 mL acetonitrile with 300 mL of 5 mM/L ammonium acetate at pH 3, adjusted with glacial acetic acid; flow rate 0.4 mL/min 3.5
Positive mode using multiple reaction monitoring (MRM)
Human plasma [41] HPLC-EM/EM CN column (150 mm £ 2 mm; 5 mm) at 40 C; MP: methanol: 30 mM/L ammonium acetate adjusted to pH 5 (80:20 v/v); flow rate 0.2 mL/min 11.0 Operated in positive mode using selected reaction monitoring (SRM)
Human plasma [66] HPLC-UV Column C18 (250 mm £ 4.6 mm; 5 mm) at 40 C; MP: ammonium dihydrogen phosphate 5.75 g in 900 mL of purified water, pH adjusted to 5.25 with sodium hydroxide, the volume was diluted to obtain 0.05 M solution; flow rate 1.5 mL/min 5.4 235 nm Tablets [1] HPLC-EM/EM Column C18 (150 mm £ 2.1 mm; 5 mm), with pre-column C18 (4 mm £ 3 mm) at 25 C; MP: acetonitrile and 0.05% aqueous solution of formic acid (60:40, v/v); flow rate 0.2 mL/min Uninformed Quadrupole and electrospray ionization (ESI) Adulterated herbal products (capsules) [45] HPLC-EM/EM Column C18 (33 mm £4.6 mm; 5 mm) maintained at room temperature; MP: methanol: water (containing 0.5% formic acid) 80:20 (v/v); flow rate 0.6 mL/min Uninformed Operated in positive mode using triple quadrupole Human plasma [55] (continued on next page) [19] HPLC-UV Column (150 mm £ 4.6 mm) at 25 C; MP: acetonitrile: sol. 0.01 M aqueous sodium octanesulfonic acid (adjusted pH 2.5 with phosphoric acid) (21:79); flow rate 1 mL/min Uninformed 232 § 2 nm Human plasma [22] HPLC-EM/EM CN column (150 mm £ 4.6 mm; 5 mm) at 25 C; MP: acetonitrile: sol. aqueous 10 mM ammonium acetate (adjusted to pH 3.5 with acetic acid) (50:50); flow rate 1 mL/min Uninformed Ion trap Human plasma [22] UPLC-EM/EM Column C18 (50 mm £ 2.1 mm; 1.7 mm) at 40 C; MP: solvent A: acetonitrile containing 0.1% formic acid and solvent B: water containing 0.1% formic acid (gradient elution); flow rate 0.2 mL/min 6.0
Electrospray operated in positive mode Drugs adulterated and dietary supplements Chinese [32] Absorption spectroscopy UV Water as solvent (successive dilutions up to 0.001% w/v) Uninformed 232 nm Tablets [9] HPLC-UV Column C18 (15 cm £ 4.6 mm; 5 mm) at 40 C; MP: Dissolve 0.8 g of sodium lauryl sulfate in 620 mL of dilute phosphoric acid and add 380 mL of acetonitrile Uninformed 235 nm Tablets [25] HILIC-EM/EM HILIC column ( Positive mode using multiple reaction monitoring (MRM)
Human plasma [23] UPLC-EM/EM HSS column (50 mm x 2.1 mm, 1.8 mm) at 40 C; MP (elution gradient): solvent A: 10 mM ammonium formate and 1% acetonitrile in water (adjusted to pH 3.0 with formic acid), solvent B: 0.2% formic acid in acetonitrile; The gradient starts with 1% of solvent A and changes linearly to 40% of solvent A within 3 min and returns to 1% within 0.1 min
3.5
Multiple reaction monitoring mode using positive electrospray ionization Human plasma [52] HILIC-EM/EM HILIC column (150 mm £ 2.1 mm; 5 mm), with pre-Merck SeQuant column (20 mm £ 2.1 mm; 5 mm) at 30 C; MP: water with 0.1% formic acid and acetonitrile with 0.1% formic acid (in linear gradient); flow rate 0.2 mL/min Uninformed Triple quadrupole Whole blood [56] HPLC-EM/EM Column C18 (50 mm £ 4.6 mm, 3 mm); MP: acetonitrile: 10 mM ammonium acetate (pH 3.0 § 0.05) (60:40, v/v); flow 1.1 mL/ min 2.5 Operated in positive mode using quadrupole Human plasma [50] Potentiometric titration 4 mL of anhydrous formic acid, and add 50 mL of acetic anhydride. Titrate with 0.1 M perchloric acid.
Uninformed End-point of titration Raw material [62] Absorption spectroscopy UV Dilution in water to a concentration of 10 mg/mL Uninformed 232 nm Tablets [62] HPLC-UV Column packing L1 (30 cm £ 3.9 mm, 10 mm); MP: Acetonitrile and buffer solution (0.5 g/L of sodium heptanesulfonate and 0.5 g/L of sodium chloride in water, adjusted with 0.06 M phosphoric acid to a pH 3.85), 1:9; flow 1.0 mL/min Uninformed 218 nm Extendedrelease tablets [62] Absorption spectroscopy UV Mix and stir 0.1 g of the sample with 70 mL of water for 15 min, dilute to 100 mL with water and filter, discarding the first 20 mL. Dilute 10 mL of the filtrate to 100 mL of water and dilute 10 mL of the resulting solution to 100 mL of water Uninformed 232 nm Tablets [7] Potentiometric titration Dissolve 0.100 g in 4 mL of anhydrous formic acid. Add 80 mL of acetonitrile. Titrate with 0.1 M perchloric acid.
Uninformed End-point of titration Raw material [7, 18] HPLC-UV Column with benzenesulfonic acid groups (12.5 cm £ 4.6 mm, 5 mm); MP: 1.7% w/v ammonium dihydrogen orthophosphate adjusted to pH 3.0 with ortophosphoric acid; flow 1.0 mL/min Uninformed 218 nm Oral solution [7] Notes: MP: Mobile phase; HPLC-EM/EM: High performance liquid chromatography coupled to sequential mass spectrometry; HILIC-EM/EM: Hydrophilic interaction liquid chromatography coupled to sequential mass spectrometry; HPLC-UV: High performance liquid chromatography with ultraviolet detection; UPLC-EM/EM: Ultra performance liquid chromatography coupled to sequential mass spectrometry.
The quantification of metformin in biological samples is very important for conducting pharmacokinetic studies, bioavailability, bioequivalence and consequently for the therapeutic monitoring of this substance. In the analyzed literature, there is a predominance of determination by high-performance liquid chromatography (HPLC), but also determinations using liquid chromatography of ultra-efficiency, titration, ultraviolet absorption spectroscopy and diffuse infrared spectroscopy.
It is necessary to emphasize the absence of analytical methods in the literature and pharmacopoeias for tablet form or other pharmaceutical product, most of them are only for the raw material. This absence is dangerous and can trigger many public health problems. The most commercially available product of metformin is the tablets. Thus, the pharmaceutical industry must have analytical methods for evaluating the quality of the final product before release to the consumer market. If quality control does not exist or it is ineffective, products with a doubtful content will be found in the market. The consequence of this is patients without treatment improvement who will return to the health services, which will be overloaded.
Another question is the type of analytical method. The big pharmaceutical and chemical industries have money to invest in technology; however, the small and medium pharmaceutical and chemical industries or even independent or unrelated laboratories to large companies are not equipped with the latest technologies. Therefore, varied methods are needed with the purpose of the industry or laboratory choosing the most appropriate to their reality.
An end item that also impacts this multi-dimensional view is cost. The choice of type of analysis has a direct impact on the cost of this final product. So, it is important to know the impact of an analytical decision.
Impact of analytical decisions
Among the methods studied, most of them do not fit the theory of green chemistry, being toxic waste generators, for example the organic solvents as acetonitrile and methanol. Buffer solutions are not toxic to the environment and the operator, but they can decrease the life of equipment and accessories, such as chromatographic columns and this impacts the cost of the analysis. [5, 16, 20, 29, 40, 53, 60] The proposal is to try to change the solvent used by another less toxic or try to decrease the amount of solvent. However, the reality is that analysts and operators do not try to change processes or do not want to improve the process. They test directly, for example, methanol and acetonitrile automatically.
Drugs that are poorly soluble in water can be solubilized first in ethanol (for example) and diluted in water. This is very common in laboratories that work toward green chemistry. The solvent is still used, but it is a less toxic solvent (ethanol, for example) and in a smaller amount (since the water was used as diluent). This contemplates the solvent required for HPLC technology and the solubility of poorly soluble drugs. This is the thought.
During the development of the method considered green there is concern in the choice of solvents with low toxicity (for example, ethanol and water), as well as to use them in low concentrations in addition to the effort to work with reduced samples, through the miniaturization of the samples. If this is not possible, work must be done through on recovery of toxic solvents, as these materials cannot be disposed of directly into the environment. [5, 16, 20, 29, 36, 48, 53, 57, 59, 60] Decrease the process steps and the pre-treatment of the samples are also a part of the green chemistry, because these activities directly influence in the amount of reagents used, the time of analysis or reaction, the number of materials required and cost involved. [16, 27, 29] The method of spectrophotometry in the infrared region is an option and a reality for analysis of pharmaceuticals. It can be used for both qualitative and quantitative analyses of raw materials and pharmaceuticals. It is known as a technique of excellence in pharmaceutical analysis. The method of spectrophotometry in the infrared region is also able to indicate the stability of the product to be analyzed by comparing the spectrum of the standard, being considered an indicative method of stability. [3, 15, 26, 28, 36, 43, 59, 64] The choice of equipment should also be important, it is recommended to use those that require the least amount of solvent, less time for analysis, lower energy consumption, lower costs for the company and lower final product prices as for example the HPLC or capillary electrophoresis. In capillary electrophoresis, samples are used around nL and in HPLC it is used around mL. [27] [28] [29] 59, 60] Each method has its advantages and disadvantages. The choice must not be by the most famous method or by the method that everyone is using, but the ideal one for your analysis or for what you want to study. HPLC or capillary electrophoresis? It depends on your objectives. What do you want to investigate at the moment?
These methods should be increasingly encouraged by their advantages and economic benefits. Thus, the universities become reference research centers in the area contributing to achievement of this objective.
Conclusion
Metformin is the drug of choice for the treatment of DM2, disease considered a worldwide epidemic. The wide use of this drug contributes to the development of studies that need carry out their analytical and bioanalytical quantification.
The existing methods in the literature and official compendiums for quantification of metformin in raw material, pharmaceuticals and biological systems can still contemplate more the thought of green chemistry, whether in the choice of solvent, method, amount of sample, number of steps… The improvement of methods of analysis must be constant.
